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A B S T R A C T

Purpose
Previous studies reported that declines in age-specific lung cancer death rates among women in
the United States abruptly slowed in women younger than age 50 years (ie, women born after the
1950s). However, in view of substantial geographic differences in antitobacco measures and
sociodemographic factors that affect smoking prevalence, it is unknown whether this change in
the trend was similar across all states.

Methods
We examined female age-specific lung cancer death rates (1973 through 2007) by year of death
and birth in each state by using age-period-cohort models. Cohort relative risks adjusted for age
and period effects were used to compare the lung cancer death rate for a given birth cohort to a
referent birth cohort (ie, the 1933 cohort herein).

Results
Age-specific lung cancer death rates declined continuously in white women in California, but the
rates declined less quickly or even increased in the remaining states among women younger than
age 50 years and women born after the 1950s, especially in several southern and midwestern
states. For example, in some southern states (eg, Alabama), lung cancer death rates among
women born in the 1960s were approximately double those of women born in the 1930s.

Conclusion
The unfavorable lung cancer trend in white women born after circa 1950 in southern and
midwestern states underscores the need for additional interventions to promote smoking
cessation in these high-risk populations, which could lead to more favorable future mortality trends
for lung cancer and other smoking-related diseases.

J Clin Oncol 30:2739-2744. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Lung cancer death rates in the United States de-
creased in successive younger birth cohorts after
peaking among men and women born in the
1920s and 1930s, respectively.1 However, the de-
creases abruptly slowed, particularly among
women younger than age 50 years who were born
circa the 1950s,2-4 which temporally coincided
with increased initiation of smoking among girls in
the 1960s and 1970s.5,6 However, in view of the large
geographic differences in public policies against to-
bacco use and socioeconomic factors that affect cig-
arette smoking,7,8 we hypothesized that this overall
unfavorable change in the lung cancer mortality rate
might vary across states.

California has consistently led the United
States in using public policies to reduce cigarette
smoking.7,9 It was the first state to establish a
comprehensive statewide tobacco control pro-
gram in 1988 through increased excise taxes on

cigarettes.10 California also pioneered local gov-
ernment ordinances for smoke-free work places as
early as the mid-1970s.7,8 Likewise, progress in re-
ducing smoking prevalence and death rates from
smoking-related diseases, including lung cancer, has
been much greater in California than in the rest of
the United States.3,9,11 In contrast, public policies
against tobacco use have been weaker and progress
in reducing smoking prevalence and smoking-
related deaths is slower in many southern and mid-
western states, particularly among tobacco-growing
states such as Kentucky, Tennessee, North Carolina,
South Carolina, Virginia, and Georgia.7,12,13 Thus,
we examined state-specific lung cancer mortality
rates among white women to assess regional differ-
ences in lung cancer trends in the United States.

METHODS

We obtained lung and bronchus (defined as lung hereaf-
ter) cancer death rates from 1973 through 2007 by age, sex,
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and race for all 50 states and the District of Columbia from the National Cancer
Institute’s Surveillance, Epidemiology, and End Results (SEER) mortality da-
tabase as reported by the National Center for Health Statistics.14 Lung cancer
was selected as the underlying cause of death based on death certificate infor-
mation according to International Classification of Diseases (9th revision;
ICD-9) coding and selection rules (codes 162.2-162.9) for deaths occurring
from 1973 to 1998 and according to the 10th revision of ICD (ICD-10) coding
rules (codes C34) for deaths occurring from 1999 to 2007.15,16

Age-specific lung cancer mortality trends were assessed by year of
death and year of birth (birth cohort). We had ten 5-year age groups (35 to
39, 40 to 44, . . ., 80 to 84) and seven 5-year calendar periods (1973 to 1977,
1978 to 1982, . . ., 2003 to 2007), spanning sixteen 10-year partially over-
lapping birth cohorts referenced by midyear of birth (1893, 1898, . . ., 1968).
We used age-period-cohort (APC) models to calculate fitted rates as well as
estimable parameters and functions that describe the influences of age, period,
and cohort.17,18 These models have been shown to closely track observed rates
while providing smoothed estimates of the age-specific mortality rates with
narrower 95% CIs.17,18

Cohort relative risks were calculated as rate ratios adjusted for age and
period that compared the lung cancer mortality rate for a given cohort to that
of a referent cohort (ie, the 1933 cohort in our analysis, which is the cohort with
the highest death rates). The major complication of estimating birth cohorts is
that cohorts born far apart in time (more than 36 years in this analysis) are
never directly compared at the same age. For example, in our analysis, the 1908
birth cohort was observed for ages 65 to 84 years while the 1948 cohort was
observed for ages 35 to 59 years. To address this obstacle, one of us (P.S.R.)
developed a model-based estimate of the rate ratio for any pair of cohorts that
is consistent with the product of the sequential rate ratios between the two
cohorts, all of which are directly observable. Briefly, the modeled rate ratio for

1948:1908 is equal to the product of the rate ratios for 1948:1943, 1943:
1938, . . ., 1918:1913, and 1913:1908. The validity of these calculations depends
on the assumption that the age-specific rates for any pair of cohorts are
proportional after adjusting for period; however, this assumption is integral to
the APC model. This model has been widely applied to other cancers and
provided good fit to our lung cancer data as confirmed by examining the
consistency of the observed to the fitted mortality rates.

We applied these methods to assess the evolving patterns in lung cancer
death rates among white women in 23 states with sufficient data for APC
analysis. In a supplementary analysis, we also examined the trend in 28 states
among white men. We restricted our analyses to whites because lung cancer
rates vary by race/ethnicity, and data for nonwhite groups are sparse for APC
analyses by state.

RESULTS

There were 1,076,613 lung cancer deaths with 1.44 � 109 woman-
years of follow-up among white women age 35 to 84 years in the 23
states from 1973 through 2007 considered in this analysis. Observed
and fitted rates from the APC model were similar in every age group
and state examined in our study among females and males (data
available on request); indeed, observed rates were consistently within
the confidence bands of the fitted rates. Thus, we present fitted rates in
all of the figures.

Figure 1 shows trends in fitted age-specific lung cancer mortality
rates by year of death for California, New York, and Alabama (eg,
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Fig 1. Trends in age-specific lung cancer
death rates by year of death among white
women for (A) California, (B) New York,
and (C) Alabama. Dots denote the fitted
lung cancer death rates, and shaded areas
represent 95% point-wise CIs based on
age-period-cohort modeling.
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states with favorable, intermediate, and unfavorable age-specific mor-
tality trends, respectively). In California, age-specific lung cancer
death rates continued to decrease in all age groups younger than age 75
years beginning in the 1990s, with the decrease in younger women
beginning in earlier calendar years. In New York, the age-specific
trends were generally similar to those in California except the de-
creases were much less steep. In Alabama, in contrast, rates continued
to increase for those age � 70 years, whereas rates for women age
younger than 60 years decreased and then increased in the most recent
time periods, especially for those women younger than age 50 years;
these women were born after the 1950s (Appendix Fig A1, online
only). Lung cancer mortality patterns among white women in the
remaining 20 states (Data Supplement) were similar to those in one of
the three states shown in Fig 1.

Figure 2 summarizes age-specific trends by birth cohort for the
three select states with the most favorable (California), least favorable
(Alabama), and intermediate (New York) patterns by using birth
cohort relative risks. The 1933 birth cohort was designated as the
referent group because this cohort had the highest mortality rates in all
three states. In California (panel A), cohort relative risks rose 3.6-fold,
from 0.28 (95% CI, 0.26 to 0.30) in 1893 to 1.0 in 1933, then fell by a
similar magnitude. For New York (panel B), relative risks rose from
1893 to 1930, but then fell more modestly than those for California. In
contrast, in Alabama (panel C), cohort relative risks rose more than
five-fold from 0.17 (95% CI, 0.14 to 0.22) in 1893 to 1.0 in the 1933
birth cohort, plateaued, and then significantly increased by 50% to
100% from the 1950 cohort forward.

Figure 3 presents birth cohort relative risks of lung cancer death
among white women for the 20 remaining states, arranged from the
most unfavorable to the least unfavorable pattern based on the state-
specific birth cohort rate ratios and their 95% CIs. The decrease in lung
cancer death rates that began with the 1933 birth cohort slowed in all
states and reversed in many states beginning circa the 1950 birth
cohort. In Tennessee, South Carolina, and North Carolina (groups A1
to A3), similar to Alabama, the lung cancer death rates were signifi-
cantly higher (according to 95% CIs of cohort relative risks) in at least
one of the cohorts born circa 1950 and afterward compared with the
rates in the 1933 cohort. For the other states, the death rates for cohorts
born circa 1950 and afterward compared with the 1933 cohorts were
nonsignificantly higher for at least one of the cohorts (groups B1 to
B8), or the decrease in the lung cancer death rates markedly slowed in
cohorts born after 1950 (groups C1 to C9). In contrast, among white

men (Data Supplement) the decrease in lung cancer death rates in
successive birth cohorts born since 1950 markedly slowed in some
southern states, such as West Virginia, Kentucky, and Alabama, but
was not reversed in any state.

DISCUSSION

Our principal finding is that the decrease in age-specific lung cancer
death rates among white women continued in younger age groups and
birth cohorts in California, but the decline slowed or even reversed
among women younger than age 50 years and women born after the
1950s in the remaining 22 states considered in this analysis, especially
in several southern and midwestern states. Indeed, in many southern
and midwestern states, lung cancer death rates increased rather than
decreased among young and middle-aged white women, which could
potentiallysloworreversefuturedeclines inthe overall age-standardized
lung cancer mortality rates as these cohorts age.

Factors that may have contributed to the disparate lung cancer
trends between California and most parts of the United States for
persons born circa 1950 and more recently include differences in
initiation of smoking among teenagers in the 1960s and early 1970s
and cessation of smoking or consumption among adults since the
1970s. Data on initiation of smoking by state or region are not avail-
able before the late 1970s, but initiation rates were not different be-
tween California and the rest of the United States from 1978 through
1988.6,19 In contrast, incidence rates of successful smoking cessation
during the 1990s in persons age 35 to 49 years were much higher in
California than other parts of the United States.20 According to a
2001 to 2002 Tobacco Use Supplement to the Current Population
Survey (TUS-CPS), half the ever smokers had quit smoking suc-
cessfully by age 44 years in California compared with half who quit
smoking by age 47 years in New York and New Jersey and half who
quit smoking by age 54 years in tobacco-growing states in the South.20

In addition, California smokers also showed the largest decline in
intensity of smoking21,22 and in per capita cigarette consumption since
the late 1960s.9,23 These favorable changes in smoking behaviors in
California have been attributed in part to historical increases in ciga-
rette prices since the mid-1970s and the implementation of the first
statewide comprehensive tobacco control program in 1988.20,23-25

Similarly, the continuous declines in lung cancer death rates in New
York and New Jersey may partly reflect historically high cigarette tax
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Fig 2. Rate ratios of lung cancer death
rates according to birth cohort among
white women for (A) California, (B) New
York, and (C) Alabama. The reference
group is the 1933 birth cohort, and the
shaded areas denote the 95% point-wise
CIs of rate ratios.

Increasing Lung Cancer Death Rates Among Young Women

www.jco.org © 2012 by American Society of Clinical Oncology 2741



rates26 and large reductions in smoking prevalence compared with
that in other states.27,28

In contrast, most southern and midwestern states historically
have had weak public policies on tobacco control, including low state

excise taxes on cigarettes and lack of statewide smoking bans in public
places to reduce secondhand smoke and to change the norms of
cigarette smoking.7,8,27,28 In the tobacco-growing state of South Car-
olina, the state excise tax on cigarettes was only 7 cents until the early
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Fig 3. Rate ratios of lung cancer death rates according to birth cohort among white women for selected states. The reference group is the 1933 birth cohort, and the
shaded areas denote the 95% point-wise CIs of rate ratios.
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2000s compared with more than $1 in New York for the same pe-
riod.26 In addition to weaker public policies in southern states, resi-
dents of those states, on average, have a lower socioeconomic status
(SES) as measured by education or income,29 and persons with lower
SES are less likely to quit smoking than persons with higher SES.12,30

Overall, the striking rise in lung cancer death rates in white women
born since circa 1950 in several southern and midwestern states points
to a lack of effective policies or interventions by government and
public health agencies to deter initiation of smoking among teenagers
and to promote smoking cessation among adults.

Factors in addition to smoking that may contribute to differ-
ences in lung cancer mortality trends between states include differ-
ences in prevalence of other known risk factors for lung cancer,
including occupational and environmental exposures.31 However,
the contributions from these are likely to be modest or minimal,
since cigarette smoking in the United States accounts for more
than 70% of lung cancer deaths in women.32 Further, cigarette
smoking and subsequent lung cancer mortality patterns by birth
cohorts have shown parallel trends in the United States.2,9,33,34

The strength of our analysis is the use of a nationwide mortal-
ity database to identify emerging regional trends in lung cancer
death rates. A limitation of our study is its descriptive nature and
the speculation about factors contributing to the state differences
in lung cancer trends; therefore, the possibility of an ecologic
fallacy in interpretation of our findings must be considered.35

However, several studies2,9,34,36 in the United States have docu-
mented that trends in lung cancer rates track well with trends in
cigarette consumption. We also used a statistical (APC) model to
estimate birth cohort effects adjusted for age and period effects.
This working model appears reasonable, given the consistency
between the observed and modeled rates in every age group, state,
and sex examined. Furthermore, inaccuracies in underlying cause
of death from death certificates according to ICD criteria are po-
tential limitations in the interpretation of mortality trends. How-
ever, according to ICD-9 and ICD-10, more than 93% of lung
cancer deaths from death certificates nationally have been matched
successfully with a lung cancer diagnosis in medical records.37 The
proportion of Hispanics, who generally have lower lung cancer
risks than non-Hispanic whites,38 has increased in California,
Texas, and many other states. However, the continued decrease in
lung cancer death rates in subsequent younger birth cohorts per-
sisted in California, whereas the slowing of the rate of decrease
became more prominent in Texas when the analysis was restricted
to non-Hispanic whites (data not shown). Therefore, any effect
from an increased proportion of Hispanic population in the south-
ern and midwestern states would likely have attenuated the appar-

ent increase in lung cancer death rates in white women born circa
1950 and afterward.

Our findings of higher lung cancer mortality in white women
born since circa 1950 compared with white women born before
1950 in several southern and midwestern states have implications
for strengthening existing programs or implementing new com-
prehensive regional programs to control tobacco use and promote
smoking cessation among these high-risk women. Women who
quit smoking in their 40s and 50s can reduce their lifetime risk of
dying from lung cancer by half compared with women who con-
tinue to smoke.39 Although the increased lung cancer rates in
young middle-aged women are unlikely to substantially influence
the overall lung cancer mortality trend in the short term because of
their small (� 10%) contributions to the overall age-standardized
death rate,4 they could reverse the overall trend in the long term (20 to
40 years) if there are no additional interventions to promote targeted
cessation. Clinicians have a unique opportunity to increase the rate of
cessation in these high-risk women through the combined use of
counseling and medications.40,41 According to the 2005 National
Health Interview Survey, only 60% of smokers reported being advised
by a physician to quit in the past year, and approximately 35% of
smokers tried to quit using treatments for tobacco dependence, in-
cluding counseling and pharmacotherapy.42

In conclusion, age-specific lung cancer death rates among white
women continued to decrease in California, but declines slowed or
reversed among women younger than age 50 years and women born
since circa 1950 in most other states, especially in the South and
Midwest. These findings underscore the need for additional interven-
tions to promote smoking cessation in these high-risk populations,
which could lead to more favorable future mortality trends for lung
cancer and other smoking-related diseases.
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